ABSTRACT. In this study, cDNA of Toll-like receptors (TLR) 3, 7 and 9 were synthesized and completely sequenced. The coding regions of cDNA for bat TLR3, TLR7 and TLR9 were 2,718, 3,150 and 3,090 bp in length, respectively. The open reading frames encoded 905, 1,049 and 1,029 amino acids for TLR3, TLR7 and TLR9, respectively. The nucleotide sequences, predicted amino acid sequences and predicted domain structures of the three bat TLRs had high homology with those of other mammals. In addition, the expression profiles of each TLR in main organs were analyzed. Expression of TLR3 was highest in the liver, whereas the expressions of TLR7 and TLR9 were highest in the spleen.
Infectious diseases transmitted by bats have been increasing recently. These diseases include rabies, Ebola hemorrhagic fever, Nipah virus infection and probably SARScorona virus infection [4, 10, 16, 17] . In addition, some virus inoculation experiments in bats suggest that many of the bat-associated pathogens cause no clinicopathology in the bats themselves or cause less damage than is seen in other animals [6, 8, 13, 15] . Although many studies on viruses carried in bats are under way, little is known about the emergence of these viruses and their interactions with the host.
The current study is the first analysis of the cDNA sequences of bat Toll-like receptors (TLR) 3, 7 and 9 and their mRNA expressions in various bat organs. TLRs recognize structurally conserved molecules derived from microbes that have breached physical barriers and play a key role in the innate immune system [1] . Among the TLR classes, TLRs 3, 7, 8 and 9 are involved in virus detection. For example, TLR3 detects double-stranded RNA synthesized during viral genome replication of a single-stranded RNA virus. TLR7 and TLR8 bind single-stranded RNA, and TLR9 recognizes unmethylated cytosine-phosphateguanine motifs common to both bacterial and viral genomic DNA [14] . In addition, only TLR3, TLR7 and TLR9 induce type 1 interferon during viral infection [14] .
Leschenault's Rousette bats (Rousettus leschenaulti) were housed under controlled conditions using an air conditioner and a moisture chamber. The animals were kept in steel cages and fed fruit and water at the same time every day. All experiments were performed in accordance with the Animal Experimentation Guidelines of the University of Tokyo and approved by the Institution Animal Care and Use Committee of the Graduate School of Agricultural and Life Sciences, University of Tokyo.
Fresh spleen samples were collected from bats anesthetized with diethyl ether. The spleens were quickly preserved in RNAlater (Ambion, Austin, TX, U.S.A.) and frozen at -80C until use. Total RNA was isolated from the bat spleen with TRIzol Reagent (Invitrogen, Carlsbad, CA, U.S.A.) according to the manufacturer's protocol. The primary cDNA was synthesized by reverse transcription with Superscript ® III reverse transcriptase (Invitrogen) using an Oligo (dT) [12] [13] [14] [15] [16] [17] [18] primer (Invitrogen), followed by PCR with Thermo-Start ® Taq DNA Polymerase (ABgene). In order to clone cDNA from the coding region of bat TLR mRNA, RT-PCR was performed using primer sets designed from the ortholog sequence data of the equine, swine and feline, which are available in the GenBank nucleotide database. The primers were as follows: TLR3 f1, 5'-AACTCCATC-CAAAGCTGGAGCCAGAA; TLR3 r1, 5'-GCTATGT-TGTTGTTGCTTAGATCCAGAATG; TLR3 f2, 5'-CTGGATCTAAGC AACAACAACATAGCCAAC; TLR3 r2, 5'-ACCGAGAA CTCGATGCACTGAAACATTCCA; TLR7 f1, 5'-CTAGATGGTTTCCTAAAACTCTGCCCT-GTG; TLR7 r1, 5'-CATTATAACAACGAGGGCAATTT CCACT; TLR7 f2, 5'-AACTTCTTGGCCAAAGAAAT-TGGGGATGC; TLR7 r2, 5'-TGAGTAATTCCTTCT-GATTGAAAATA; TLR7 f3, 5'-ACTGTCCCTGAGAGA TTATCCAACTGTTCC; TLR7 r3, 5'-TTGCTAAGCTG-TATGCTCTGGGAAAG; TLR9 f1, 5'-CTGACGCCT-GAGGACCTGG CCAATCTGAC; TLR9 r1, 5'-CAGGTG GGCAAAGGACACCTTCTTGTGGTA; TLR9 f2, 5'-AGCTGGACATGCATGGCATCTTCTTCCGCTC; TLR9 r2, 5'-GCCATTGCTTAGGGCCTTCAGCTGGTTTCC; TLR9 f3, 5'-ACCTGCGCCTCTGCCTGGATGAGGCCC TCT; and TLR9 r3, 5'-GGTTATAGAAGTGGCGGTTG TCCCTGGTCA. The amplified products were cloned into plasmids by using a TOPO TA Cloning ® Kit (Invitrogen), (Table 1) . Like other mammalian TLRs [5, 11, 18, 19] , bat TLR3, TLR7 and TLR9 mRNA nucleotide and predicted amino acid sequences showed high similarities to those of other mammalian orthologs. The phylogenic tree generated by comparing bat TLR amino acid sequences and those of other animals showed that bat TLRs are closely related to equine and carnivore TLRs (data not shown), which supports the findings of a previous study [9] . Nucleotide and predicted amino acid sequences were analyzed by GENETYX-WIN (Ver 4.0, Software Development Co., Ltd., Tokyo, Japan). The accession numbers of the nucleotide data used for h o m o l o g y a n a l y s i s w e r e a s f o l l o w s : T L R 3 , NM _0 0 10 8 17 9 8, X M _ 5 40 0 20 , N M _ 00 1 00 8 66 4 , NM_003265; TLR7, NM_001081771, NM_001048124, NM_001033761, NM_016562; TLR9, NM_001081790, NM_001002998, NM_183081, NM_017442. Bat TLR3, TLR7 and TLR9 domain structures were compared with those of other mammalian species orthologs using the SMART [12] and NCBI BLAST programs (http:// blast.ncbi.nlm.nih.gov/Blast.cgi). The results showed that bat TLR3, TLR7 and TLR9 have highly conserved leucinerich repeat (LRR) and Toll/Interleukin-1 receptor (TIR) domains that play critical roles in innate and acquired immunity [2, 3] (data not shown). In addition, semi-quantitative RT-PCR was performed to assess the mRNA expression ratios of TLR3, TLR7 and TLR9 in various organs. Eight tissues or organs (kidney, liver, spleen, brain, ovary, small intestine, lung and heart) were obtained from young female bats (n=5). The respective procedures described above were used to process each organ and synthesize the template cDNA used in the semiquantitative RT-PCR. The expression of beta-actin mRNA was used as an internal control. The primers used in semiquantitative RT-PCR were as follows: TLR3 quantitate F, 5'-AGTTGACTCAAATACCTGACGACC; TLR3 quantitate R, 5'-CAAGTTCTTCACGGCTTAGTACG; TLR7 quantitate F, 5'-CAAAGAGACTCCTTCTTCCTTGAG; TLR7 quantitate R, 5'-CTAAGAGATTCACTCTCCATG-GTCC; TLR9 quantitate F, 5'-CTACTACAAGAAC-C C G T G C G A C ;
T L R 9 q u a n t i t a t e R , 5 ' -GTACAGAAAGTTCTCACTCAGGTCC; beta-actin F, 5'-ATTGTGCGTGACAT CAAGGAGAAG; and beta-actin R, 5'-ATTCCTGCTTGCTGATCCACATCT. PCR cycles were conditioned in which growth curves of all organs PCR products run on mid-logarithmic phase. The PCR products were analyzed in 2% agarose gel, and DNA band intensities were quantified using the Scion Image software (Scion Cor- poration, Frederick, ML, U.S.A.). The expression of bat TLR mRNA varied in the organs. For TLR3, the expression was greatest in the liver, less but fairly equivalent in the kidney, spleen, ovary, intestine and lung and low in the brain and heart (Fig. 1A) . In contrast, the expressions of TLR7 and TLR9 were greatest in the spleen. The expressions of both of these TLRs were fairly equivalent in the kidney, liver and ovary and weak in the brain and heart. TLR7, unlike TLR9, had rather high expression in the intestine and lung (Figs. 1B and 1C) . These results may reflect the characteristics of the bat immune system. In general, TLR3, TLR7 and TLR9 are highly expressed on endosomes of dendritic cells, and the TLR profiles of these cells are dependent on the cell subtype. For example, in humans and macaques, plasmacytoid dendritic cells, myeloid dendritic cells and monocyte-derived dendritic cells express TLR7 and TLR9, TLR3, TLR7 and TLR9, and TLR3 only, respectively [7] . Therefore, TLR expression in distinct organs is likely dependent on the number of dendritic cells harboring each TLR. Magnetic cell sorting methods (MACS) or fluorescence-activated cell sorting analysis are needed to the delineate cellular distribution of bat TLR3, TLR7 and TLR9, and to analyze detailed features of the bat immune system. This study was supported in part by grants from the Ministry of Agriculture, Forestry and Fisheries, Japan, and the Ministry of Health, Labour and Welfare, Japan. We thank Maiko Endo for her technical expertise in caring for animals.
